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(57) Abstract: An information 
storage medium having a plurality 
of information storage layers, each 
of which includes an optimal power 
control (OPC) area for obtaining an 
optimal recording condition. Optimal 
power control areas in odd-numbered 
and even-numbered information 
storage layers viewed from a direction 
in which light is incident upon the 
information storage medium are 
disposed one on another to not directly 

face each other. An actually usable area of an optimal power control area in each of the information storage layers varies depending 
on use circumstances of each of the information storage layers. Therefore, when an OPC area of one information storage layer 
performs OPC, this OPC does not affect another information storage layer. Also, an area of each of the information storage layers 
can be efficiently used. 
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Description 

INFORMATION STORAGE MEDIUM 

Technical Field 

[1] The present invention relates to recordable information storage media, and more 

particularly, to an information storage medium having a plurality of information 
storage layers, by which an area of the information storage layers can be efficiently 
used while minimizing an influence of an optimal power control (OPC) process 
executed in an OPC area, included in each of information storage layers, upon other in- 
formation storage layers. 

Background Art 

[2] General information storage media are widely used as information recording media 

of optical pickup apparatuses for recording/reprodudng data in a non<x>ntact way. 
Optical disks are used as the information storage medium and classified as compact 
disks (CDs) or digital versatile disks (DVDs) arording to their information storage 
capacity. Examples of recordable, erasable, and reproducible optical disks are 650MB 
CD-R, CD-RW, 4.7GB DVD+RW, and the like. Furthermore, high definition-DVD 
(HD-DVD) having a recording capaity of 25GB or greater are under development. 

[3] As described above, information storage media have been developed to have a 

greater recording capacity. The recording capacity of an information storage medium 
can be increased in two representative ways of: 1) reducing the wavelength of a 
recording beam emitted from a light source; and 2) increasing the numerical aperture 
of an objective lens. In addition, there is a way of forming a plurality of information 
storage layers. 

[4] FIGS. 1 A and IB schematically illustrate a dual-layered information storage 

medium having first and second information storage layers L0 and LI. The first and 
second information storage layers L0 and LI include first and second optimal power 
control (OPC) areas 111 and 121, respectively, for obtaining optimal writing power 
and first and second defect management area (DMAs) 115 and 125, respectively. The 
first and second OPC areas 1 1 1 and 121 face earfi other (i.e., the OPC areas are at a 
common radius relative to an inner or outer boundary of the information storage 
medium). 

[5] Data is recorded in the first and second OPC areas 111 and 121 using various 

levels of writing power to find the optimum writing power. Hence, data may be 
recorded with a higher level of power than the optimum writing power. Table 1 shows 
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variations in the jitter characteristics of each of the first and second information 
storage layers L0 and LI when data is recorded in the OPC areas 111 and 121 with 
different levels of writing power. 

[6] Table 1 

[7] 
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[8] According to Table 1, if data is recorded with normal writing power, the jitter char- 

acteristics of the first or second information storage layer L0 or LI keep constant. On 
the other hand, if data is recorded with writing power about 20% higher than the 
normal writing power, the jitter characteristics of the OPC area of the first or second 
information storage layer L0 or LI in which data has already been recorded are 
degraded. If data is recorded on one of the first and second information storage layers 
L0 and LI with writing power more than 20% higher than the normal writing power, it 
can be expected that the jitter characteristics of the other information storage layer may 
be further degraded. 

[9] Hence, if the first and second OPC areas 111 and 121 of the first and second in- 
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formation storage layers L0 and LI exist within an equal radius as shown in FIGS. 1 A 
and IB, one of them may not be usable. 

The recording status of one of the first and second OPC areas 111 and 121 may 
affect the recording characteristics of the other OPC area. For example, as shown in 
FIG. IB, if data has been recorded on a part 1 1 la of the first OPC area 111 and no data 
has been recorded on the residual area 111b thereof, the recording property of a part of 
the second OPC area 121 which corresponds to the occupied part 1 1 la of the first OPC 
area 111 is different from that of a part of the second OPC area 121 which corresponds 
to the unoccupied part 1 1 lb of the first OPC area 1 1 1. In other words, since the 
transmittance of a laser with respect to the occupied part 1 1 la of the first OPC area 
1 1 1 is different from the transmittance of a laser with respect to the unoccupied part 
111b thereof the recording property of the second OPC area 121 may be irregular over 
the area. 

As described above, if the first and second OPC areas are disposed within an equal 
radius, they may not properly function. 
Disclosure of Invention 

Technical Problem 

The present invention provides an information storage medium having a plurality 
of information storage layers, by which an area of the information storage layers can 
be efficiently used while minimizing an influence of optimal power control (OPC) 
executed in an OPC area included in each of information storage layers upon other in- 
formation storage layers, a method of minimizing interference between OPC areas of 
the information storage medium and a recording and/or reproduing apparatus for 
minimizing interference between OPC areas of the information storage medium. 

Technical Solution 

According to an aspect of the present invention, there is provided an information 
storage medium having a plurality of information storage layers, each of which 
includes an optimal power control area for obtaining an optimal recording condition, 
wherein the optimal power control areas in odd-numbered and even-numbered in- 
formation storage layers are disposed within different radiuses of the information 
storage medium and the size of an actually usable area of an optimal power control 
area in eash of the information storage layers varies depending on use circumstances 
of each of the information storage layers. 

According to another aspect of the present invention, there is provided an in- 
formation storage medium having a plurality of information storage layers, eadi of 
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which includes an optimal power control area for obtaining an optimal recording 
condition, wherein the optimal power control areas in odd-numbered and even- 
numbered information storage layers are disposed within different radiuses of the in- 
formation storage medium and one of the odd-numbered and even-numbered in- 
formation storage layers includes a usable area for a predetermined purpose that fases 
the optimal power control area of the other information storage layer. 
[15] According to another aspect of the present invention, there is provided a method of 

minimizing interference between a first optimal power control area in a first in- 
formation storage layer and a second optimal power control area in a second in- 
formation storage layer of an information storage medium, comprising: disposing the 
first and second optimal power control areas stch that each is aligned with a special 
area of the other information storage layer that is recorded in an opposite direction to 
minimize interference. 

[16] According to another aspect of the present invention, there is provided a recording 

and/or reproducing apparatus, comprising: an optical pickup which records data on 
and/or reads the data from a surface of an information storage medium at an optical 
power; and a controller which controls the optical pickup to record and/or reproduce 
the data on the surface of the information storage medium and to determine an 
optimum recording power at which to set the optical power during recording, wherein 
the information storage medium comprises a first information storage layer comprising 
a first optimal power control area and a first restricted use area, and a second in- 
formation storage layer comprising a second optimal power control area and a second 
restricted use area disposed such that the first optimal power control area is aligned 
with the second restricted use area and the second optimal power control area is 
aligned with the first restricted use area, and the controller determines the optimal 
recording power arording to the data recorded and/or reproduced by the optical 
pickup in one of the first and second optimal power control areas. 

[17] In t he apparatus, the first and second restricted use areas are reserved areas which 

are recordable by the controller in a direction opposite to the first and second optimal 
power control areas. 

[18] In t he apparatus, the first restricted area is a reserved area which is recordable by 

the controller in a direction opposite to the first and second optimal power control 
areas and the second restricted area is a usable area which is recordable in any 
direction with respect to the first and second optimal power control areas. 

[19] Additional aspects and/or advantages of the invention will be set forth in part in the 
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description which follows and, in part, will be obvious from the description, or may be 

learned by practice of the invention. 

Description of Drawings 
[20] The above and/or other aspects and advantages of the present invention will 

become more apparent by describing in detail exemplary embodiments thereof with 

reference to the attached drawings of which: 
[21] FIGS. 1A and IB are views illustrating an influence of an optimal power control 

(OPC) area upon an area other than the OPC area in a conventional dual-layered in- 
formation storage medium; 
[22] FIG. 2 illustrates a layout of a data area of a dual-layered information storage 

medium according to an embodiment of the present invention; 
[23] FIGS. 3A and 3B illustrate a layout of a data area of a dual-layered information 

storage medium according to another embodiment of the present invention; 
[24] FIGS. 4A and 4B illustrate a layout of a data area of a dual-layered information 

storage medium according to another embodiment of the present invention; 
[25] FIGS. 5A through 5D illustrate a layout of a data area of a dual-layered in- 

formation storage medium according to another embodiment of the present invention; 
[26] FIG. 6 illustrates a layout of a data area of a dual-layered information storage 

medium according to an embodiment of the present invention; 
[27] FIG. 7 illustrates a layout of a data area of a dual-layered information storage 

medium according to another embodiment of the present invention; 
[28] FIG. 8 is a block diagram of an apparatus for recording/reprodudng information 

to/from an information storage medium according to an embodiment of the present 

invention; and 

[29] FIG. 9 is a more detailed block diagram of the recording and/or reproducing 

apparatus of FIG. 8 . 

Mode for Invention 

[30] Reference will now be made in detail to the embodiments of the present invention, 

examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. The embodiments are 
described below to explain the present invention by referring to the figures. 

[31] Referring to FIG. 2, an information storage medium according to an embodiment 

of the present invention includes at least two information storage layers L0 and LI. 
Each of the information storage layers L0, LI includes an optimal power control 
(OPC) area 21 1, 223 for obtaining optimal power and a reserved area 213, 221. The 
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OPC areas 211, 223 of the information storage layers L0, LI are disposed within 
different radii such as not to face each other. Although not shown, each of the in- 
formation storage layers may include a map area adjacent to the OPC area 211, 223. 

The information storage medium shown in FIG. 2 includes first and second in- 
formation storage layers L0 and LI. The first information storage layer L0 includes a 
first OPC area 211, a first reserved area 213, and a first disk information (DI) area 215. 
The second information storage layer LI includes a second reserved area 221, a second 
OPC area 223, and a second DI area 225. The first and second DI areas 215 and 225 
store data that is updated upon every data recording, such as, an address of a used part 
of an OPC area, information about a status of an information storage layer, and the 
like. Examples of the information about a status of an information storage layer 
include a recording mode, and an address recorded last aox>rding to a recording mode. 

The first and second OPC areas 211 and 223 in the information storage layers L0 
and LI are disposed within different radii of the information storage medium such that 
the first and second OPC areas 211 and 223 do not face each other. More specifically, 
the second reserved area 221 is disposed in an area of the second information storage 
layer LI opposite to the first OPC area 21 1 of the first information storage layer L0, 
and the first reserved area 213 is disposed in an area of the first information storage 
layer L0 opposite to the second OPC area 223 of the second information storage layer 
LI. 

The first and second DI areas 215 and 225 of the first and second information 
storage layers L0 and LI, respectively, are disposed within an identical radius of the 
information storage medium. Defect management areas (DMAs) may be used instead 
of or in addition to the DI areas 215 and 225. 

FIGS. 3 A and 3B illustrate an information storage medium according to another 
embodiment of the present invention, in which the first information storage layer L0 
includes a first OPC area 31 1, a first reserved area 313, and a first d efect management 
area (DMA) 315, and the second information storage layer LI includes a second 
reserved area 321, a second OPC area 323, and a second DMA 325. 

Referring to FIGS. 3 A and 3B, directions of data recording in each OPC area 311, 
323 and a reserved area 313, 321 of each information storage layer L0, LI, (i.e., 
directions of the use of the OPC area 311, 323 and the reserved area 313, 321) are 
identical. In other words, while data is recorded in an OPC area 311, 323 and a 
reserved area 313, 321of each information storage layer L0, LI in an identical 
direction, data is recorded in facing areas of different information storage layers L0, 
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LI in opposite directions. That is, the facing areas of different information storage 
layers L0, LI are used in opposite directions so that they are not used together upon 
data recording. 

[37] In FIG. 3 A, regardless of a track spiral direction of the information storage 

medium, data is reoorded in the first OPC area 311 and the first reserved area 313 of 
the first information storage layer L0 in an identical direction from an inner boundary 
to an outer boundary of the information storage medium. In other words, the first OPC 
area 311 and the first reserved area 313 are used in the identical direction from the 
inner boundary to the outer boundary of the information storage medium. Data is 
reoorded in the second reserved area 321 and the second OPC area 323 of the second 
information storage layer LI in an identical direction from the outer boundary to the 
inner boundary of the information storage medium. In other words, the second 
reserved area 321 and the second OPC area 323 are used in the identical direction from 
the outer boundary to the inner boundary of the infoimafion"sfdrage medium. Thus, the 
faing- OPC and reserved areas of the first and second storage layers L0 and LI are 
used in opposite directions. 

[38] In FIG. 3B, regardless of the track spiral direction of the information storage 

medium, data is recorded in the first OPC area 31 1 and the first reserved area 313 of 
the first information storage layer L0 in the identical direction from the outer boundary 
to the inner boundary of the information storage medium. In other words, the first OPC 
area 311 and the first reserved area 313 are used in the identical direction from the 
outer boundary to the inner boundary of the information storage medium. Data is 
recorded in the second reserved area 321 and the second OPC area 323 of the second 
information storage layer LI in the identical direction from the inner boundary to the 
outer boundary of the information storage medium. In other words, the second 
reserved area 321 and the second OPC area 323 are used in the identical direction from 
the inner boundary to the outer boundary of the information storage medium, but 
opposite the direction of use of the first OPC area 311 and the first reserved area 313. 

[39] FIGS. 4 A and 4B illustrate an information storage medium according to another 

embodiment of the present invention, in which the first information storage layer L0 
includes a first OPC area 41 1, a first reserved area 413, and a first DMA 415, and the 
second information storage layer LI includes a second reserved area 421, a second 
OPC area 423, and a second DMA 425. 

[40] Referring to FIGS. 4 A and 4B, directions of data recording in an OPC area 411, 

423 and a reserved area 413, 421 of each information storage layerLO, LI (i.e., 
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directions of the use of the OPC area 41 1, 423 and the reserved area 413, 421) are 
opposite. In other words, while data is recorded in an OPC area 411, 423 and a 
reserved area 413, 421 of each information storage layer L0, LI in opposite directions, 
data is recorded in facing areas of different information storage layers in opposite 
directions. That is, the faing areas of different information storage layers are used in 
opposite directions so that they are not used together upon data recording. 
[41] In FIG. 4 A, regardless of the track spiral direction of the information storage 

medium of FIG. 2, directions of data recording in a first OPC area 411 and a first 
reserved area 413 of a first information storage layer L0 are opposite. That is, 
directions of the use of the first OPC area 411 and the first reserved area 413, are from 
an inner boundary to an outer boundary of the information storage medium and from 
the outer boundary to the inner boundary, respectively. Directions of data recording in 
a second reserved area 421 and a second OPC area 423 of a second information 
storage layer LI, that is, directions of the use of the second reserved area 421 and the 
second OPC area 423, are from the outer boundary to the inner boundary of the in- 
formation storage medium and from the inner boundary to the outer boundary, re- 
spectively. 

[42] In FIG. 4B, regardless of the track spiral direction of the information storage 

medium, directions of data recording in the first OPC area 411 and the first reserved 
area 413 of the first information storage layer L0, (Le., directions of the use of the first 
OPC area 411 and the first reserved area 413 are from the outer boundary to the inner 
boundary of the information storage medium and from the inner boundary to the outer 
boundary, respectively. Directions of data recording in the second reserved area 421 
and the second OPC area 423 of the second information storage layer LI, (i.e., 
directions of the use of the second reserved area 421 and the second OPC area 425 are 
from the inner boundary to the outer boundary of the information storage medium and 
from the outer boundary to the inner boundary, respectively. 

[43] In FIGS. 3A and 3B or FIGS. 4A and 4B, it is understood that the order of the OPC 

area and the reserved area arranged in each of the first and second information storage 
layers L0 and LI may be inverted aaoording to different aspects. 

[44] In the information storage media of FIGS. 3 A and 3B and FIGS. 4A and 4B, 

addresses of used parts of the first OPC areas 311 and 41 1 and the second OPC areas 
323 and 423 are recorded in the first reserved areas 313 and 413 and the second 
reserved areas 321 and 421, respectively. Hence, the size of an actually usable area of 
an OPC area of an information storage layer varies by a used area of a reserved area of 
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an adjacent information storage layer depending on the environments of the use of 
each information storage layer, for example, depending on a type of data recorded in 
each information storage layer or a frequency of the use of each information storage 
layer. 

[45] FIGS. 5 A through 5D illustrate an information storage medium arording to 

another embodiment of the present invention, which includes map areas 512, 522 for 
storing addresses of used parts of the OPC areas 511, 523 in information storage layers 
L0 and LI are disposed adjacent to the OPC areas 511, 523. In contrast with FIGS. 3 A 
and 3B and FIGS. 4A and 4B, a reserved area allocated in each of the information 
storage layers L0 and LI is used for a purpose other than the storage of the addresses 
of used parts of the OPC areas 511, 523. When such a map area is disposed adjacent to 
an OPC area 511, 523 in each information storage layer as described above, a usable 
part of the OPC area 51 1, 523 can be rapidly identified before the OPC is performed in 
each information storage layer L0, LI. Thus, a time required to perform the OPC can 
be shortened. 

[46] The addresses of the OPC areas 511, 523 may be recorded in the map area in 

various forms, for example, in the form of a bitmap. The map area 512, 522 may be 
replaced by a disk information (DI) area which can store not only OPC information but 
also information updated upon every data recording, for example, an address finally 
recorded in a user area or the like. 

[47] In FIGS. 5 A through 5D, the first information storage layer L0 includes a first OPC 

area 51 1, a first map area 5 12, a first reserved area 513, and a first DMA 515, and the 
second information storage layer LI includes a second reserved area 521, a second 
map area 522, a second OPC area 523, and a second DMA 525. The first and second 
map areas 512 and 522 are disposed within an identical radius of the information 
storage medium, and the first and second DMAs 515 and 525 are similarly situated on 
a different radius of the information storage medium. 

[48] Generally, the information storage media illustrated in FIGS. 5 A and 5B are 

formed by further allocating the first and second map areas 512 and 522 in the in- 
formation storage media of FIGS. 3 A and 3B. The information storage media il- 
lustrated in FIGS. 5C and 5D are formed by further allocating the first and second map 
areas 512 and 522 in the information storage media of FIGS. 4A and 4B. As described 
above, the reserved areas 513, 521 illustrated in FIGS. 5 A through 5D are not used to 
store data updated upon every data recording, such as, the addresses of used parts of 
the OPC areas 511, 523. 
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[49] FIG. 6 illustrates an information storage medium aooording to another embodiment 

of the present invention. Considering the fact that characteristics of data recording in 
inner and outer boundaries of an information storage medium may be different, OPC 
areas 611, 631, 617, 637 are disposed in at least one of a lead-in area 610 and a lead- 
out area 630 which are disposed on opposite sides of a data area 620, respectively. In 
the first and seoond information storage layers L0 and Ll 5 first and second OPC areas 
611 and 617 of the lead-in area 610 and first and second OPC areas 631 and 637 of the 
lead-out area 630 may be disposed on both sides of third and fourth data areas 621 and 
623 the data area 620 using one of the arrangements illustrated in FIGS. 2 through 5. 

[50] FIG. 7 illustrates an information storage medium according to another embodiment 

of the present invention. Considering the fact that degrees of influence of the OPCs 
executed in the first and second information storage layers L0 and LI upon jitter char- 
acteristics of the first and second information storage layers L0 and LI, respectively, 
are different, a reserved area 713 is allocated in one of the first and second information 
storage layers L0 and LI, and a usable area 721 is allocated in the other information 
storage layer. 

[51] Referring to Table 1, the OPC in the second information storage layer LI affects 

jitter characteristics more than the OPC in the first information storage layer L0. Of 
course, if the thickness of a spase layer interposed between the first and second in- 
formation storage layers L0 and LI is changed or a structure of each information 
storage layer is changed, a phenomenon opposite to the above influencing 
phenomenon may occur. That is, the OPC in the first information storage layer L0 
affects jitter characteristics more than the OPC in the second information storage layer 
LI. In the information storage medium of FIG. 7, the OPC in the second information 
storage layer LI affects jitter characteristics more than the OPC in the first information 
storage layer L0. 

[52] In the information storage medium of FIG. 7, the first information storage layer L0 

includes a first OPC area 71 1, a first reserved area 713, and a first DI area 715, and the 
seoond information storage layer LI includes a usable area 721, a second OPC area 
723, and a second DI area 725. The usable area 721 of the second information storage 
layer LI faces the first OPC area 711 of the first information storage layer L0, which 
affects jitter characteristics less than the second OPC area 723 of the second in- 
formation storage layer LI, and can be used to store data used for a special purpose, 
such as a purpose set by a user or a manufacturer. The first and seoond DI areas 715 
and 725 are disposed within an identical radius of the information storage medium and 
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store OPC information or information updated upon every data recording, such as, an 
address finally recorded in a user area or the like. The DI areas 7 15 and 725 may be 
replaced by map areas that are disposed within an identical radius of the information 
storage medium and that store information about the first and second OPC areas 711 
and 723. 

[53] Areas arranged as illustrated in FIG. 7 can be disposed in both a lead-in area and a 

lead-out area or in one of a lead-in area and a lead-out area. 

[54] FIG. 8 is a block diagram of an optical recording and/or reproducing apparatus 

according to an embodiment of the present invention in which the information storage 
media of FIGS. 2-7 are implemented . Referring to FIG. 8 , the recording and/or re- 
producing apparatus includes a writ ing /read ing unit 1000 and a control unit 1002. 
The writ ing /read ing unit 1000 reads from and writes to the information storage 
medium 130 according to commands from the control unit 1002. Here, the information 
storage medium 130 includes several embodiments shown in FIGS. 2 through 7 and 
the control unit 1002 controls data writing/ re a ding operation s of the writ ing /read 
ing unit 1 000 so as to minimiz e interference between a first optimal power control 
area in a first information storage layer and a second optimal power control area in a 
second information storage layer of the information storage medium 130. 

[55] Referring to FIG. 8 , a aording to the control of the control unit 100 2, the writing/ 

reading unit 1 000 records data on a disc 13 0, which is an information storage 
medium according to embodiment s of the present invention, and reads out data in 
order to reproduce recorded data. The control unit 100 2 controls the writ ing /read ing 
unit 1000 so that the writ ing /read ing unit 1000 records data in predetermined 
recording unit blocks, or processes data read by the writ ing /read ing unit 1000 and 
obtains valid data. Reproducing refers to obtaining valid data by performing error 
correction for the read data, and is performed in predetermined units. The units for 
performing reproduction are referred to as reproducing unit blocks. A reproducing unit 
block corresponds to at least one recording unit block. 

[56] FIG. 9 is a more detailed block diagram of the optical recording and/or reproducing 

apparatus of FIG. 8 . Referring to FIG. 9 , the information storage medium 130 is 
loaded in the writ ing /read ing unit 1000. The recording and/or reproducing apparatus 
further includes an optical pickup 1 100 that reads from and writes to the information 
storage medium 130. The control unit 1002 includes a PC I/F 1101, a DSP 1102, an 
RF AMP 1 103, a servo 1 104, and a system controller 1 105, all of whbh constitute the 
control unit 1002 of FIG. 8 . 
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[57] In the data recording operation, the PC I/F 110 1 receives a recording command 

with data to be recorded from a host. The DSP 110 2 adds additional data such as a 
parity for error correction of the data received from the PC I/F 110 1 and performs 
error correction and checking (ECC) encoding to generate an ECC block, which is an 
error correction block, and modulates the ECC block according to a predetermined 
method. The RF AMP 110 3 converts the data output from the DSP 110 2 into an RF 
signal. The pickup 1 10 0 records the RF signal output from the RF AMP 1 10 3 on the 
disc 13 0. The servo 110 4 receives a command required for servo control from the 
system controller 110 5 and servo-controls the pbkup 10 00 . 

[58] In the data reprodudng operation, the PC I/F 110 1 receives a reproduction 

command from a host (not shown). The system controller 110 5 performs the ini- 
tialization required for reproduction. The pickup 1 00 0 emits a laser beam onto the 
disc 13 0, obtains an optical signal by receiving a reflected beam from the disc 13 0, 
and outputs the optical signal. The RF AMP 110 3 converts the optical signal output 
from the pickup 1 00 0 into an RF signal and provides modulated data obtained from 
the RF signal to the DSP 110 2 while providing a servo signal for control of the pbkup 
obtained from the RF signal to the servo 1 10 4. The DSP 110 2 demodulates the 
modulated data, performs error correction and outputs the resulting data. 

[59] Meanwhile, the servo 1 10 4 performs servo control of the pickup 1 00 0, by using 

the servo signal received from the RF AMP 1 10 3 and a command required for servo 
control received from the system controller 1 10 5. The PC I/F 21 transfers the data 
received from the DSP 1 10 2 to the host. 

[60] The aforementioned OPC area arrangement embodiments are applicable to all in- 

formation storage media regardless of whether a track of eadi information storage 
layer is spiraled from an inner boundary to an outer boundary or from the outer 
boundary to the inner boundary. The aforementioned OPC area arrangements are also 
applicable to all information storage media having a plurality of information storage 
layers regardless of whether an information storage layer to be reproduced first is 
either an information storage layer farthest from or closest to an optical pickup. For 
example, the aspects of the present invention described above are applicable to CD-R, 
CD-RW, DVD+RW, HD-DVD, Bluray, and Advanced Optical Disc (AOD) type in- 
formation storage media. Although the OPC area arrangements have been described 
with regard to a dual-layered information storage medium having two information 
storage layers, they may be applied to information storage media having at least three 
information storage layers which are stacked one on another. 
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[61] As described above, in an aspect of an information storage medium having a 

plurality of information storage layers, an OPC area of one information storage layer 
may be located to not directly face the OPC area of another information storage layer. 
Information about an OPC area (that is, OPC information) in one information storage 
layer is recorded in a reserved area of an adjacent information storage layer that faces 
the OPC area, and the directions of data recording in an OPC area of one information 
storage layer and a reserved area of another information storage layer that faces the 
OPC area are set to be opposite. That is, directions of the use of the OPC area and the 
reserved area are set to be opposite. Therefore, an influence of the OPC executed in an 
OPC area of one information storage layer upon another information storage layer is 
minimized, and the size of an actually usable area of the OPC area of each information 
storage layer varies depending on the use circumstances of the OPC area. 

[62] Alternatively, the OPC area of one information storage layer may be located to not 

directly face the OPC area of another information storage layer each other, and a map 
area for storing OPC information is included between the OPC area and a reserved 
area of each information storage layer according to an aspect of the invention. 
Therefore, when the OPC area of one information storage layer performs the OPC, this 
OPC does not affect another information storage layer. Also, an area of eech in- 
formation storage layer can be efficiently used, and a time required to perform the 
OPC can be shortened. 

[63] Alternatively, the OPC area of one information storage layer may be located with 

respect to an OPC area of another information storage layer such that the OPC areas do 
not face each other, and, considering the fact that degrees of influence of the OPC 
areas of two adjacent information storage layers upon jitter characteristics are 
different, a reserved area is allocated in only one of the two information storage layers, 
and a usable area is allocated in the other information storage layer according to an 
aspect of the invention. Therefore, when the OPC area of one information storage layer 
performs the OPC, this OPC does not affect another information storage layer, and an 
area of each information storage layer can be efficiently used. 

[64] Although a few embodiments of the present invention have been shown and 

described, it would be appreciated by those skilled in the art that changes may be made 
in these embodiments without departing from the principles and spirit of the invention, 
the scope of which is defined in the claims and their equivalents. 
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Claims 

[1] An information storage medium, comprising: 

a plurality of information storage layers, each of which includes an optimal 
power control area for obtaining an optimal recording condition, wherein the 
optimal power control areas in odd-numbered and even-numbered information 
storage layers are disposed within different radiuses of the information storage 
medium and a size of an actually usable area of an optimal power control area in 
each of the information storage layers varies depending on use circumstances of 
each of the information storage layers. 

[2] The information storage medium of claim 1, further comprising: 

a reserved area in each of the information storage layers, wherein each of the 
reserved areas face the optimal power control area of an adjacent information 
storage layer. 

[3] The information storage medium of claim 2, further comprising: 

a map area storing updated information about each of the information storage 
layers; and 

the map areas are disposed within an identical radius of the information storage 
medium. 

[4] The information storage medium of claim 2, wherein updated information about 

each of the information storage layers is recorded in the reserved area. 

[5] The information storage medium of claim 2, wherein updated information about 

each of the information storage layers is recorded in a part of a lead-in area that 
stores disk-related information. 

[6] The information storage medium of claim 2, wherein a direction in which data is 

recorded in the optimal power control area and the reserved area of the odd- 
numbered information storage layer is opposite to a direction in which data is 
recorded in the optimal power control area and the reserved area of the even- 
numbered information storage layer. 

[7] The information storage medium of claim 6, wherein directions in which data is 

recorded in the optimal power control area and the reserved area of one in- 
formation storage layer are identical. 

[8] The information storage medium of claim 6, wherein directions in which data is 

recorded in the optimal power control area and the reserved area of one in- 
formation storage layer are opposite. 



3NSDOCID: <WO 2005001 824A1_J_> 



BNS page 15 



WO 2005/001824 1 5 PCTYKR2004/001562 

[9] The information storage medium of claim 6, wherein the optimal power control 

areas are formed in at least one of a lead-in area and a lead-out area. 

[10] The information storage medium of claim 3, wherein a first direction in which 

data is recorded in the optimal power control area, the map area and the reserved 
area of the odd-numbered information storage layer is opposite to a second 
direction in which data is recorded in the optimal power control area, the map 
area and the reserved area of the even-numbered information storage layer. 

[1 1] The information storage medium of claim 10, wherein directions in which data is 

recorded in an optimal power control area and a reserved area of one information 
storage layer are opposite. 

[12] An information storage medium, comprising: 

a plurality of information storage layers, each of which includes an optimal 
power control area for obtaining an optimal recording condition, wherein the 
optimal power control areas in odd-numbered and even-numbered information 
storage layers are disposed within different radiuses of the information storage 
medium and one of the odd-numbered and even-numbered information storage 
layers includes a usable area for a predetermined purpose that faces the optimal 
power control area of the other information storage layer. 

[13] The information storage medium of claim 12, wherein the other information 

storage layer further comprises a reserved area which faces an optimal power 
control area of the one information storage layer. 

[14] The information storage medium of claim 13, wherein: 

each of the information storage layers further comprises a map area storing 

updated information about each of the information storage layers; and 

the map areas are disposed within an identical radius of the information storage 

medium. 

[15] The information storage medium of claim 13, further comprising updated in- 

formation about each of the information storage layers which is recorded in a 
part of a lead-in area that stores disk-related information. 

[16] The information storage medium of claim 13, wherein a direction in which data 

is recorded in the optimal power control area of one of the information storage 
layers is opposite to a direction in which data is recorded in the reserved area of 
the other information storage layer. 

[17] The information storage medium of claim 16, wherein the optimal power control 

areas are formed in at least one of a lead-in area and a lead-out area. 
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[18] A multilayer information storage medium, comprising: 

a first information storage layer comprising a first optimal power control area 
and a first reserved area adjacent to the first optimal power control area; and 
a second information storage layer adjacent to the first information storage layer, 
the second information storage layer comprising a second optimal power control 
area and a second reserved area adjacent to the second optimal power control 
area, wherein the first optimal power control area is aligned with the second 
reserved area and the second optimal power control area is aligned with the first 
reserved area. 

[19] The information storage medium of claim 18, wherein the first optimal power 

control area and the second optimal power control area are recorded in a first 
direction and the first reserved area and the second reserved area are recorded in 
a second direction opposite the first direction. 

[20] The information storage medium of claim 18, wherein the first optimal power 

control area and the second optimal power control area are recorded in opposite 
directions with respect to each other and the first reserved area and the second 
reserved area are recorded in opposite directions with respect to each other. 

[21] The information storage medium of claim 18, further comprising: 

a first map area which stores addresses of sectors of the first optimal power 
control area in which data is recorded, the first map area disposed between the 
first optimal power control area and the first reserved area in the first information 
storage layer; and 

a second map area which stores addresses of sectors of the second optimal power 
control area in which data is recorded, the second map area disposed between the 
second optimal power control area and the second reserved area in the second in- 
formation storage layer. 

[22] The information storage medium of claim 21, wherein the addresses of the first 

and second optimal power control areas are recorded in the first and second map 
areas, respectively, in the form of a bitmap. 

[23] The information storage medium of claim 21, wherein a time required to write to 

and read from the first and second optimal power control areas is shortened by 
the stored addresses in the first and second map areas. 

[24] The information storage medium of claim 21, wherein the first optimal power 

control area, the second optimal power control area and the first map area are 
written to in a first direction and the first reserved area, the second reserved area, 
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and the second map area are written to in a second direction opposite the first 
direction. 

The information storage medium of claim 21, wherein the addresses are recorded 
in the first map area and the second map area in opposite directions with respect 
to each other. 

The information storage medium of claim 21, wherein the first optimal power 
control area, the first map area, and the first reserved area are written to in a first 
direction, and the second optimal power control area, the second map area, and 
the second reserved area are written to in a second direction opposite the first 
direction. 

The information storage medium of claim 21, further comprising: 

a third optimal power oontrol area in the first information storage layer, a third 

reserved area adjacent to the third optimal power oontrol area, and a third map 

area between the third optimal power oontrol area and the third reserved area; 

and 

a fourth optimal power control area, a fourth reserved area adjacent to the fourth 
optimal power control area, and a fourth map area between the fourth optimal 
power control area and the fourth reserved area, wherein the third optimal power 
control area is aligned with the fourth reserved area, the fourth optimal power 
control area is aligned with the third reserved area, and the third map area is 
aligned with the fourth map area. 

The information storage medium of claim 27, wherein the first optimal power 
control area, map area and reserved area are disposed near an inner boundary of 
the information storage medium and the third optimal power oontrol area, map 
area and reserved area disposed near an outer boundary of the information 
storage medium. . 

The information storage medium of claim 27, wherein the first optimal power 
control area, map area and reserved area are disposed in a lead-in area of the in- 
formation storage medium and the third optimal power control area, map area 
and reserved area disposed in a lead-out area of the information storage medium. 
A multilayer information storage medium, comprising: 

a first information storage layer comprising a first optimal power control area 
and a first reserved area adjacent to the first optimal power oontrol area; and 
a second information storage layer adjacent to the first information storage layer, 
the second information storage layer comprising a second optimal power control 
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area and a special use area adjacent to the second optimal power oontrol area, the 
special use area storing data for a special purpose set by a manufacturer, wherein 
the first optimal power oontrol area is aligned with the special use area and the 
second optimal power oontrol area is aligned with the first reserved area. 

[31] A method of minimizing interference between a first optimal power oontrol area 

in a first information storage layer and a second optimal power control area in a 
second information storage layer of an information storage medium, comprising: 
disposing the first and second optimal power control areas such that each is 
aligned with a special area of the other information storage layer that is recorded 
in an opposite direction to minimize interference. 

[32] A recording and/or reproducing apparatus, comprising: 

an optical pickup which records data on and/or reads the data from a surfrce of 
an information storage medium at an optical power; and 

a controller which controls the optical pickup to record and/or reproduce the data 
on the surface of the information storage medium and to determine an optimum 
recording power at which to set the optical power during recording, 
wherein the information storage medium comprises a first information storage 
layer comprising a first optimal power control area and a first restricted use area, 
and a second information storage layer comprising a seoond optimal power 
oontrol area and a seoond restricted use area disposed such that the first optimal 
power control area is aligned with the second restricted use area and the second 
optimal power oontrol area is aligned with the first restricted use area, and the 
controller determines the optimal recording power according to the data recorded 
and/or reproduced by the optical pickup in one of the first and second optimal 
power oontrol areas. 

[33] The apparatus of claim 32, wherein the first and seoond restricted use areas are 

reserved areas which are recordable by the controller in a direction opposite to 
the first and second optimal power control areas. 

[34] The apparatus of claim 32, wherein the first restricted area is a reserved area 

which is recordable by the controller in a direction opposite to the first and 
seoond optimal power oontrol areas and the seoond restricted area is a usable 
area which is recordable in any direction with respect to the first and second 
optimal power control areas. 



3NSDOCID: <WO 2005001 824A1_I_> 



BNS page 19 



WO 2005/001824 



PCT/KR2004/001562 



1/7 



FIG. 1A (PRIOR ART) 



INNER 
BOUNDARY 



111 



115 



■ • • 


OPCO 


DMAO 




mm* 


OPC1 


DMA1 





OUTER 
BOUNDARY 

LO 
L1 



121 



125 



INNER 
BOUNDARY 



FIG. IB (PRIOR ART) 

m 



INNER 



OUTER 



BOUNDARY 11 , 1a 11 , 1b BOUNDARY 



211 



FIG. 2 

213 



II \ \ „ 


I— 


m 


OPCO 


— 1 


If — ' 


OPC1 


1 






I 

121 





LO 
L1 



215 



OUTER 
BOUNDARY 



• • a 


OPCO 


RESERVED 0 


DIO 


\ 


1 

LO 


• mm 


RESERVED 1 


OPC1 


DI1 






I 

221 


I 

223 


I 

225 


1 





005001 824A1 I > 



WO 2005/001824 



PCT/KR2004/001562 



2/7 
FIG. 3A 



INNER 
BOUNDARY 



311 
1 



313 



321 



323 



315 



325 



OUTER 
BOUNDARY 



• ■ • 


OPC0 


RESERVED 0 


DMAO 




• a ft 


RESERVED 1 


OPC1 


DMA1 





LO 
L1 



FIG. 3B 



INNER 
BOUNDARY 



311 



313 



315 



OUTER 
BOUNDARY 



m m m 


OPCO 


RESERVED 0 


DMAO 


I If 

" 


• • ft 


RESERVED 1 


OPC1 


DMA1 




I 

321 


! 

323 


325 





LO 
L1 



FIG. 4A 



INNER 
BOUNDARY 



411 



413 



OUTER 
4 ] b BOUNDARY 



• • • 


OPCO 


RESERVED 0 


DMAO 




• • • 


RESERVED 1 


OPC1 


DMA1 






421 


I 

423 


I 

425 





3NSDOCID: <WO_ 



2005001 824A1_I_; 



BNS page 21 



WO 2005/001824 PCT/KR2004/001562 



3/7 
FIG. 4B 





411 
I 


413 
I 


415 
I 


LO 


* » • 


OPC0 


RESERVED 0 


DMAO 




• • * 


RESERVED 1 


OPC1 


DMA1 






I 

421 


423 


I 

425 





INNER 
BOUNDARY 



FIG. 5A 



511 



OPCO 



RESERVED 1 



i 

521 



512 



MAPO 



MAPI 



522 



513 



RESERVED 0 



0PC1 



523 



515 



DMAO 



OUTER 
BOUNDARY 

i 

LO 



DMA1 



r 

525 



L1 



INNER 
BOUNDARY 



511 



FIG. 5B 



512 
1 



513 



515 



OUTER 
BOUNDARY 



• « • 


OPCO 


MAPO 


RESERVED 0 


DMAO 




LO 


• ■ m 


RESERVED 1 


MAPI 


OPC1 


DMA1 


—A 






I 

521 


T 
522 


I 

523 


I 

525 





MSDOCID: <WO. 



1005001 824A1_I_> 



BNS page 22 



WO 2005/001824 PCT/KR2004/001562 



INNER 



4/7 

FIG. 5C 



511 



512 



513 



515 



OUTER 



• a • 


OPC0 


MAPO 


RESERVED 0 


1 

DMAO 


I // 


• • • 


RESERVED 1 


MAPI 


OPC1 


DMA1 


1 



LO 
L1 



521 



522 



523 



FIG. 5D 



525 



INNER 
BOUNDARY 



511 



512 



513 



521 



522 



523 



515 



OUTER 
BOUNDARY 

LO 



• ■ ■ 


OPCO 


MAPO 


RESERVED 0 


DMAO 


— \ 




RESERVED 1 


MAPI 


OPC1 


DMA1 





L1 



525 



3NSDOCID: <WO__2005001824A1_I_> 



BNS page 23 



WO 2005/001824 



PCT/KR2004/001562 



-5/7 



LU 



O 
CO 
CO 



CD 

d 



CO 



CD 



CO 
CO - 
CD 



CO - 
CO 



CM - 
CD 



o 
5 



Q 
LU 
> 

cr 

LU 
CO 
LU 

cr 



o 
O 

o 



o 
o 



Q 

LU 
> 

cr 

LU 
CO 
LU 

cr 



- CO 
CO 



LO 
• CO 
CO 



S 

cr 
< 

l 



55 

cr 
< 

I 



CO 
- CM 
CO 



CO 
CO 



>- 

cr 

v_ cr < 

LU Q 

li 
o 

CD 



o 

Q 
LU 

£ 

LU 
CO 
LU 

cr 



o 

CL. 

o 



o 

o 
a. 
O 



Q 

LU 
> 

cr 

LU 
CO 
LU 
DC 



5 



LO 

CO 



s!SDOCJD: <WO 2005001 824A1_I_> 



WO 2005/001824 



PCT/KR2004/001562 



6/7 
FIG. 7 



INNER 
BOUNDARY 



711 



713 



715 



OUTER 
BOUNDARY 



• • • 


OPC0 


RESERVED 0 


DIO 


I 1 


■ a • 


USABLE AREA 


OPC1 


DI1 





LO 
L1 



721 



723 



725 



3IMSDOCID: <WO_ 



2005001 B24A1J_> 



BNS page 25 



WO 2005/001824 



PCT/KR2004/001562 



7/7 

FIG. 8 



1000 ,1002 



WRITING/ 
READING 
UNIT 




CONTROL 
UNIT 











130. 



FIG. 9 



1100 



Z. 



1000 130 



ZL. 



1103 



RF 
AMP 



_Z1 



1104 



SERVO 



^1002 
1102 



DSP 



_Z1 



11011 



PC l/F 



"INPUT 
•OUTPUT 



Z- 



1105 



SYSTEM 
CONTROLLER 



SDOCID: <WO 2005001 824A1_I_> 



BNS page 26 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT7KR2004/001562 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC7 G11B 7/007 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED ~ — -- 

Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G11B7 Gl IB 20/10 G11B 20/12 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Korean Patents and applications for inventions since 1975 
Korean Utility models and applications for utility models since 1975 

Electronic data base consulted during the intertnational search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


EP 1 124221 Al (Matsushita Electric Industrial Co., Ltd.) 16 AUG 2001 
See the whole document 


1-34 


A 


US 5,614,938 A (Hitachi, Ltd.) 25 MAX 1997 
See the whole document 


1-34 


A 


WO 2000/028532 A(Korunkl Philips Electronics NV) 18 MAY 2000 
See the whole document 


1-34 


A 


JP 2000-195054 A (Ricoh Co., Ltd.) 14 JUL 2000 
See the whole document 


1-34 



I I Further documents are listed in the continuation of Box C. X See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not considered 

to be of particular relevance 
"E" earlier application or patent but published on or after the international 

filing date 

"L n document which may throw doubts on priority cJaim(s) or which is 
cited to establish the publication date of citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 



"P" document published prior to the international filing date but later 
than the priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents,such combination 
being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
04 OCTOBER 2004 (04.10.2004) 


Date of mailing of the international search report 

05 OCTOBER 2004 (05.10.2004) 


Name and mailing address of the ISA/KR 
jflPihfc Korean Intellectual Property Office 
K J5 ^S 920 Dunsan-dong, Seo-gu, Daejeon 302-701, 
Republic of Korea 

Facsimile No. 82-42-472-7140 


Authorized officer m , 

HAN, Choong Hee / Mgjgj) 
Telephone No. 82-42-481-5700 '^^^ 



Form PCT/ISA/210 (second sheet) (January 2004) 

3NSDOCID: <WO 2005001 824A1_L> 



BNS page 27 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International application No. 
PCT/KR2004/001562 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



EP 1124221 A1 
US 5,614,938 A 
WO 2000/028532 A 
JP 2000-195054 A 



16 AUG 2001 
25 MAR 1997 
18 MAY 2000 
14 JUL 2000 



W0 2000/023990 A 
JP 5-101398 A 
EP 1046159 A1 
NONE 



27 APR 2000 
23 APR 1993 
25 OCT 2000 



Form PCT/ISA/210 (patent family annex) (January 2004) 



,'SDOCID: <WO 2005001 824A1_I_> 



BNS oaae 28 



